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Abstract— Energy requirement in Turkey is mainly responded by imported energy. This causes economic dependency on 
other countries and therefore becomes the main subject of political discussions. In recent years, research in energy planning 
has improved to avoid dependency. Most of these studies use fuzzy methods to handle the uncertainty in energy plans.  
The main aim of this article is to identify and discuss some of the important and critical decision criteria, and prioritize 
alternative policies to reduce the energy dependency with the help of fuzzy TOPSIS. Eleven alternatives are taken from the 
energy report that prepared by Turkey’s energy ministry. Domestic coal production, domestic oil and natural gas production, 
energy efficiency studies, nuclear power generation, hydraulic power generation,  geothermal power generation, solar power 
generation, bio fuel, biomass production, waste energy production, reduction of losses and leaks and  energy research and 
development  activities are  the  alternatives  for  reducing the  energy  dependency. From the expert opinion nine criteria 
selected for affecting these alternatives.  
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I. INTRODUCTION 
 
Turkey is one of the developing countries in the 
world and its per capita production and consumption 
are near half that of global production but it has an 
increased trend in consumption (Boran et all. ,2012) 
Face of growing energy demand, dependence on 
foreign is increasing day by day. In Turkey, the 
growing population, industrialization and increasing 
standard of living have considerably increased the 
dependence on imported energy (Kahraman and 
Kaya, 2010). 
 
In this paper; Fuzzy Topsis Method is used for nine 
alternatives that reduce external dependency.  The 
organization of this paper is as follows. Next section 
provides the explanation of Fuzzy Topsis method and 
literature review. The case study on Energy 
dependency sources is given in the third section. 
Results of the Fuzzy Topsis method are presented in 
the fifth section. Finally the last section will be 
reserved for the conclusion and discussions. 
 
II. FUZZY TOPSIS 
 
Hwang and Yoon (1981) introduced the TOPSIS 
method based on the idea that the best alternative 
should have the shortest distance from an ideal 
solution. Recently, some researchers have focused on 
developing fuzzy TOPSIS methods to deal with the 
uncertainty in case of incomplete or vague 
information.  
 
Fuzzy Topsis method is applied in many fields. This 
section will focus on studies in the literature. 
proposed an approach provides a comprehensive 
measure of performance incorporating both 
quantitative and qualitative attributes. energy 

technology alternative. Information system providers 
under multiple criteria. Awasthi et all (2011) is used 
Fuzzy TOPSIS for evaluating sustainable 
transportation systems. Chamodrakas et al (2009) 
employed fuzzy TOPSIS to help suppliers to evaluate 
customers within the order acceptance process so that 
the resource allocation and the priority of orders 
could be identified. Chu et al  (2009) designed a 
fuzzy TOPSIS model based on interval Cavallaro 
(2010) assessed thermal-energy storage in 
concentrated solar power (CSP) systems using Fuzzy 
Topsis. Boran et. all (2012) evaluated renewable 
energy technologies for electricity generation in 
Turkey using Intuitionist Fuzzy TOPSIS.Kaya T. et 
al. (2011) are proposed a modified fuzzy TOPSIS 
methodology for the selection of the best arithmetic 
of fuzzy numbers. Kahraman et al (2009) proposed an 
interactive group decision making methodology 
based on fuzzy TOPSIS to select Rouhani et all 
(2012) propose a new model to provide a simple 
approach to assess enterprise systems in business 
intelligence aspects.  
 
Generally, the Fuzzy TOPSIS method has the 
following five steps as suggested by Chen (2000). 
The steps of the Fuzzy TOPSIS are as follows:  
 
Step 1: Identify the alternatives and evaluation 
criteria. Then specify a committee of decision-
makers. 
  
Step 2: The decision-makers use the linguistic 
weighting variables to (shown in Table 1) determine 
the importance of the criteria. 
 
Step   3: The decision-makers use the linguistic rating 
variables (shown in Table 2) to evaluate the rating of 
alternatives with respect to each criterion.  
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Table 1: Linguistic variables for weight of each 
criterion (Chen 2000). 

 
 
Step 4: Converting the linguistic evaluation into 
triangular fuzzy numbers to construct the fuzzy 
decision matrix and determine the fuzzy weight of 
each criterion.  
 
Step 5: Constructing the normalized fuzzy decision 
matrix. 
Assume that a decision group has K persons, and then 
the importance of the criteria and the rating of 
alternatives with respect to each criterion can be 
calculated as; 
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Where x   and w  are the rating and the importance 
weight of the K decision maker. D shows the fuzzy 
decision matrix and R shows the normalized of D. 
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Table 2: Linguistic variables for the ratings. 

 
 
Step  6: Constructing the weighted normalized fuzzy 
decision matrix using this formula. 
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Step 7: Determine Fuzzy Positive Ideal solution 
(FPIS, A*) and fuzzy negative ideal solution (FNIS, 
A-). 
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 Step   8: Calculate the distance of each alternative 
from FPIS and FNIS, respectively. 
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 Step 9: Calculate the closeness coefficient of each 
alternative. 
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Step 10: According to the closeness coefficient, the 
ranking order of all alternatives can be determined. 

 
Table 3. Criteria and Descriptions. 

 
 

Table 4. Results 
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III. EVALUATION OF ENERGY 
DEPENDENCY SOURCES 
 
Dependence on foreign energy in a very important 
issue. Turkey's energy ministry is working on 
measures to reduce energy dependence and 
investigating alternatives to reduce dependence. 
Alternatives in this study are taken from the Turkey’s 
energy ministry energy report. These are the 
alternatives; A1: Domestic Coal Production, A2: 
Domestic Oil And Natural Gas Production, A3: 
Energy Efficiency Studies, A4: Nuclear Power 
Generation, A5: Hydraulic Power Generation, A6: 
Geothermal Power Generation, A7: Solar Power 
Generation, A8: Bio Fuel, Biomass Production, A9: 
Waste Energy Production, A10: Reduction of Losses 
and Leaks, A11: Energy R & D Activities. We select 
nine criteria from the expert opinion from the Istanbul 
Technical University the Institute of Energy and the 
literature Table 4 presents the description of all the 
criteria and the description of these criteria. 
Fuzzy TOPSIS method is applied to the above 
alternatives and criteria as described above. Results 
are in the Table 4. 
 
CONCLUSIONS  
 
In this paper Fuzzy Topsis method is used for 
analyzing the sources that reduce the external energy 
dependency. Eleven alternatives that identified from 
Turkey Energy Ministry are evaluated in terms of 
nine criteria set out in the literature and expert 
opinions. Criteria and alternatives are evaluated by 
four experts from the Istanbul Technical University, 
the Institute of Energy.  
Very expensive investment is made to meet the 
energy needs, and on the other hand, because of the 
energy losses and leaks the external energy 
dependency for Turkey has reached serious 
proportions(Turkey Energy Report,2008) According 
to the study; Reduction of Losses and Leaks 
alternative is the most important alternative for 
reducing the external energy dependency. Energy 
Research and Development Activities is the second 
alternative and the Energy Efficiency Studies 
alternative is the third one. Important measures must 
be taken in this area. In recent years; Energy 
efficiency is an increasingly important issue in 

Turkey. As can be seen in this study; it has an effect 
in reducing external energy dependency. In future 
studies, alternatives can be evaluated by different 
methods or different criteria can be added. 
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